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ABSTRACT

This study analyzed the causal relationship among operating characteristics of commercial freight
vehicles, dangerous driving behaviors, and traffic accident risk. The study applied the existing
accident cause and prevention theory to arrive at this relationship. Data related to working
characteristics of driver, driving experience, driving ability, driving psychology, vehicle characteristics
(size), dangerous driving behavior, and traffic accidents were collected from 303 commercial freight
vehicle drivers. Working characteristics and dangerous driving behavior data are based on the driver’s
digital driving record. The traffic accident data is based on the insurance accident data reflecting
actual traffic accidents. First, a structural equation model was built and verified using the model
fitness index. Then, the developed model was used to analyze the causal relationship between
multiple independent and dependent variables simultaneously. Four dangerous driving behaviors
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(sudden deceleration, sudden acceleration, sudden passing, and sudden stop) were found to be highly
related to traffic accidents. The results further indicate that it is necessary to establish a safety
management policy and intensive management for small-sized freight vehicles, drivers with
insufficient driving ability, and drivers with dangerous driving behaviors. Such policy and
management are expected to reduce traffic accidents effectively.

Key words : Commercial freight vehicle, Digital tachograph, Structural equation model, Dangerous
driving behavior, Traffic accident
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<Table 1> Results of analysis in previous studies

Dimension Researcher Dependent variables Independent variables Collected data
Amunds; d .. S L
sagllinergfgooag) Sleepy driving Driving time, sleeping time Survey
Lin et al.(1993) Risk of accidents Age, driving experience, driving time Driving log
Dangerous behaviors S Driving record
Lee(2014 . . dri t .
Working & ) (Acceleration&deceleratation) ving time device
characteristics | Chen and Xie(2014) Traffic accidents Driving time, break time Survey
. Perception fatigue, vehicle size, smoking
201 Traffi
Jo(2013) raffic accidents and drinking, breakfast Survey
ffic safety i .
Won(2020) Traffic accident Risk index traffic safety mvestment, drwmg tme, Statistical data
safety awareness, rest time, etc.
Drivi
Crundall et al.(2002) Driving attention Driving experience. orving
Driving Simulator
skills S icti lecti Drivi titud
Choi et al.2011) | Result of the driving aptitude test| SPeco. Prediction, selection response | Driving aptitude
speed, selection response error test
Alavi et al.(2017) Violation of the law Depression, anxiety, mental illness. Survey
Drivi Kwon(2014) Dangerous driving behaviors Emotional level, cognitive ability Survey
riving
Gulli d B D driving behavi . e L
psychology U 1vzozg;) cE8 ange;c;z; e :clziients viors Aggression, traditionalism, alienation Survey
Seo(2015) Dangerous driving behaviors Deviation, mistake, violation. Survey

Y
A BARAG SAZF ATk T = Utk E ATNAE FERXEA SVSH L AFLADE, LA
I P4 WARME 18 FEA DBE & £ st
Digital tachograph Driver's information Driving aptitude test Automobile information Traffic accident
analysiz system system system management system zystem

154 QIR TSYUR| =27 213, M22(2022H 48)
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<Table 2> Driving aptitude test — Criteria for judgment

Classification Tudgment level Unit
1 2 3 4 5
Speed prediction capability <48 <48~<72 <72~<112 <112~<162 >162 Pixel
Stop distance prediction <111 <I11~<170 | <170~<248 | <248~<352 >352
Ability to Attention Transition <969 <969~<1,159 | <1,159~<1,434 | <1,434~<1,856 >1,856 ms
Ability to allocate attention >3] 30~29 28~24 23~10 <9 # of positive
Ability to select attention >31 30~27 26~23 22~19 <18 reactions
Distance perception ability <5 <5~<10 <10~<19 <19~<46 >46 mm
Cognitive abilities >13 10~12 6~9 4~5 <3 # of correct
Perceptual tendency =16 11~15 6~10 5 <4 answers

20179 AEE B o SHA IH key#t S 702 AT &3
SHEAEA SR ERAA RN A AR 23E AR F 1797HOE A

PN el 55

AUHRE A ARG o] F LA 2T E4S A 5 Hh oY ol 2F 2 &
FAHAVANE HUF = 9E 340] FEAUT HBATAE AFS DA HA 7129 47
MEE Ageb Hlo ARNTRORE 20179 GA LT AFAAE L 5 glof AYHRE BEshol
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EngR AARITY0l e 57 B4 AoE AeSAn APLAYEY ko) Ay £ AREER
T} 20km/h 23 &3, F7HES 29 lkm/h o) 715 &8, FAHAE 27 7.5kmh o) 7HEle] &2}
00] ¥ Zfoln LAALHEAA BHH7EL SAAEZALAA FHE ol &sto] 7 F=E 15550 E
B4, sv° =eTF AW FA & AR A ok
2. #MDB 75 Z1t
A} ZRLTe 49 218, SEAEAY] €87 FAYE 1.68kmE FAT Aow e
ol A QA ERA/A] FPI AR DEEE, SAREE B BE 7S 233 7|2t 0|Th
YH T SHAREE 174343010 01, 243 AL o] Egfo] dre Et 879, 43 AL o] X
FE drE WF 2495 FHHUT F LAAYL B 101902 ergon] AYs 2A4e AS
Bt 8.1, &3 " AL 25902 ekt &85 (e R B¢ 15794 5559 @S
ZHA HH, 585 B AF £54F 23, F71AE dF 22, X% 24, AAZ 24 EOE UE
oh 3 FElE 17, FAY 16, AATH 18, AL 202 YENH. FAAEEH) e B L
A 13, A4 14, AN 1402 e} 2459 3BT 37 A9t 948 Ao et
<Table 3> Data Base Construction for Structural Equation Modeling
Data Factor . . Standard .
source | classification Collection variables Average deviation Unit
Ave. # of working days per month 21.8 34 Num./Month
Ave. mileage per month 7.6 35 1,000km/Month
Workin Ave. operating time per month 1743 | 69.8 Hour/Month
or .g. Ave. number of trips per month 59.2 48.8 Num./Month
characteristics -
Ave. # of operating days per month for more than 2hours 8.7 6.6 Day/Month
Ave. # of operating days per month for more than 4hours 24 3 Day/Month
o Ave. # of operating days per month exceeding 9hours based | 6.6 5.7 Day/Month
D}‘Ig“al # of speeding per 100km of driving distance 71 | 48 Num./100km
}tla anlgr:iz # of rapid accelerations per 100km of driving distance 11.8 17.7 Num./100km
syste}r,n # of sudden departures per 100km of driving distance 4.1 5.1 Num./100km
Dangerous # of rapid decelerations per 100km of driving distance 45 5.7 Num./100km
driving # of sudden stops per 100km of driving distance 14 2.8 Num./100km
behavior # of sudden left turns per 100km of driving distance 09 1.3 Num./100km
characteristics # of sudden right turns per 100km of driving distance 1.1 L5 Num./100km
# of sudden U-turns per 100km of driving distance 0.07 0.2 Num./100km
# of sudden overtakings per 100km of driving distance 12 25 Num./100km
# of sudden change of lane per 100km of driving distance 9.3 159 Num./100km
) L Driver age 483 82 Year
-Dnver-s Drlv.lng Total driving experience 19.1 8.6 Year
information | experience Busi drivi ; 81 59 Y
characteristics usiness driving experience . . ear
Ave. period of employment per company 25 1.7 Year/company

156  PA=ITSYR|=EN| M217, M22(2022H 48)
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<Table 3> Data Base Construction for Structural Equation Modeling (continuation)

Data Factor X . Standard .

source | classification Collection variables Average sation Unit
Speed prediction capability 23 0.9 Rank(1-5)
Stop distance prediction 22 0.8 Rank(1-5)
. Ability to Attention Transition 2.4 09 Rank(1-5)
Dn.v?ng Ability to allocate attention 1.7 0.9 Rank(1-5)

Driving ability — :
L. Ability to select attention 1.6 0.8 Rank(1-5)
aptitude | characteristics : - —

test Distance perception ability 24 1 Rank(1-5)
system Cognitive abilities 1.8 09 Rank(1-5)
Perceptual tendency 2 0.9 Rank(1-5)
Driving Reality 13 0.7 Rank(1-5)
psychology Sociability 1.4 0.7 Rank(1-5)
characteristics Emotionality 14 0.7 Rank(1-5)
Traffic law # of violations (years) 0.1 04 Num./Year

violation Traffic penalty poi 16 | 52 Point/Y
Traffic | characteristics raffic penalty points (years) . . oint/Year
accident Traff # of accidents (years) 0.2 0.7 Num./Year
system ra,l ¢ Damage scale (years) 04 12 Num./Year

accident 10 il
characteristics D ' 4 million
amage costs (years) 09 3 won/Year

g4] @ 2(Structural equation modeling : SEM)S &83l 3}EAF2e] LPEA

2 AFAL JEEE EASAT TS A M (Latent Variable)9} #Z4(Observed Variable),
2] A 4=(BExogenous), Ul A) ¥ 4(Enogenous Varibable), =7 22} (Measuremet error) 2 -3 2 2}(Structual error)
2 FAo] "tk F2UAA B3 TEHT S vAE oY #g o) JABAE Za AT
= BAA 71oln, W] Skl E}~ TEWUT] FIFo| Wt 2715 AEE T e 540l Utk
TEAAL Qi Mo] J1ssle AWMl FA) Q217 %7 23 (Measurement Model), A 2217+ o] &
53 (Structural Model) & %3t QIA-EA& Fhgth = AGe AFEE 719 A5 mdo] Hit
He A5s AgH o Bk A2 §A Sxabsolute fit index) ® CMIN(x?), GFI, RMR, SRMR, RMSEA
7F o mull B vlE] driv AR5t 2718 HUbste SEARE A S(incremental fit indices)=

NIF, CFI 5°] &%t}

AQ

Measurement Model Structural Model Measurement Model

\

<Fig. 2> Structual Equation Model
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<Table 4> model fit index

Dimension Range Criteria for suitability
CMIN(»?) (Minimum  chi-square) - It’s good to have a low number
GFI (Goodness-of-Fit Index) 0~1 More than 0.9
AGFI 0~1 More than 0.9
RMR (Root Mean Square Residual) 0~1 0.05~0.1 is appropriate
RMSEA (Root Mean Square Error of Approximation) 0~1 Less than 0.05
NORMED »*(CMIN/df) - 3.0 or lower is acceptable
NFI ((Normed-fit index) 0~1 More than 0.9
CFI (Comparative Fit Index) 0~1 More than 0.9
V. ¥4 23
1. BN Q012N I U 5YTY TS
TR 2 A d ez B 9 WAL BA HES g4 QM AAET adFE
WS A EEA(principal component analysis) 2132 W H 2~ WS AMSSH oW A (THA)
A% A7 P < 005, KMO(0.689) > 0.5 #ts T3t o] Q&4 Ades 783 0g FF0 2 e
om FEuls L3KCronbach’s ) AlFE 7125 0.60149 Aoz Yeht Al Aol dta FeEt
<Table 5> Results of KMO and Bartlett's Test <Table 6> Results of Reliability Test
Dimension Value Dimension observation variables | Cronbach’s a
Kaiser-Meyer-Olkin Measure of Sampling 689 Working characteristics 4 604
Adequacy ' Driving experience 3 654
. Driving capability 3 .654
Approx. Chi-Square 9636.495
Driving psychology 3 709
Bartlett’s Test df 990 Vehicle Characteristics 7 789
of Sphericity
. Dangerous driving behavior 5 595
Sig 000 Traffic accident risk 3 601
<Table 7> Results of Exploratory factor analysis
. . Component
Dimension
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14
Vehicle weight 961 | -087 | .029 |-052 |-016 | .047 | -011 | -067 | -042 | .010 |-.128 | .065 | .002 | -.038
Carrying capacity 893 | -.022 | -022 | -007 | -005 | .050 |-004 |-129 | -094 | .053 | -221 | .125 | -001 |-072
Engine displacement 873 | -.068 | .125 | -068 | -.080 | .051 | .000 | .039 |-.023 |-010 | .205 | -022 | .012 | .02
length of the vehicle 831 |-.181 | .064 |-229| .001 | .025 |-.050 | .115 | .065 | -.060 | .078 | -.086 | .007 | .058
Axis of the vehicle 823 |-034 |-030 | -039| .052 | 013 |-045|-.127 | -028 | .037 | -39 | .119 |-.031 | -030
Width of the vehicle 660 | -174 | 075 | -163 | -045 | -029 | .054 | .181 | .061 |-016 | 361 | -223| .105 | .46
158  OIRTSO[R=27| M217, H22(20224 4%)
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<Table 7> Results of Exploratory factor analysis (continuation)

Dimension Component
1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14
Height of the vehicle 626 |-219 | 236 |-186| 019 | 085 |-052 | .128 | .118 | -078 | 225 |-.101 | -Q21 | .197
# of rapid deceleration -195 | .849 | -120 | .086 | .093 |-.081 | .093 |-010 | -028 | .043 | -041 | .093 |-.001 | -.061
# of rapid acceleration -269 | 757 | -037 | 062 | .014 | .024 |-.003 | -.060 | -.036 | -052 | -057 | .038 | .063 |-.037
# of sudden stops -027 | 666 | -011| .163 | -008 | .00 |-062 | .057 | .037 | .O77 | 248 | .076 | -.186 | .124
# of sudden departures -020 | .657 | -008 | 311 |-044 | .077 | .050 |-052|-014 | -062 | 222 |-147 | .000 | .171
# of sudden departures -093 | .655 | -201 | -341| .140 | -098 | .088 | .108 | .042 | .022 |-302 | -.110 | .051 |-.097
# of sudden passing -050 | 475 | -299 | -410 | 278 |-.126 | .069 | -009 | .060 | .056 |-400 | -.111 | .055 |-019
Monthly driving times 087 |-124 | 922 | .077 | .004 | .126 | -072 | -.004 | -015 | -.083 | -.057 | -011 | -.006 | .061
More than 9 hours per month 281 |-083 | .820 | -079 | .O11 | .001 | .026 |-034 | .017 |-025|-225| .063 | .028 | .005
Monthly number of trips 085 |-055|.771 | 177 | -.145|-232|-051 | .066 | .014 |-039 | .179 | -092 | .093 | .04
Monthly working days -186 | -086 | .682 | 256 | .031 | .324 |-078 | .079 | 010 |-044 | .107 | .047 |-.113 | -.128
# of sudden right turns -254| 090 | 059 | .859 | .035 | .104 |-086 | .074 | -030 | .042 | -015 | .016 | .021 | .055
# of sudden left turns -238 | .114 | 074 | .851 | .024 | .086 |-074 | .049 |-040 | .027 |-006 | .016 |-.054 | .099
# of sudden U-turns 055 | 155 | 255 | 496 | -046 | -122| .122 | 048 |-018 | -030 | -.142 | .002 | -.114 | -.157
# of over speeding -209 | -036 | 097 | 458 |-.130 | .078 | .052 | .156 | -002 | -061 | .017 |-226 | .341 | -286
Scale of traffic accident damage -003 | 052 |-031 [-036| 958 |-049 | .006 |-048 | .023 | -004 | -002 | .033 | .013 | -011
# of traffic accidents -018 | .080 | -046 | -082 | 914 | -064 | .056 |-073 | .016 | .002 | -047 | .035 | .046 | .014
Traffic accident damage costs -030 | .010 | .000 | .062 | .860 | .045 | .039 |-.025 |-023|-014| .008 | .025 |-044 | -01
Monthly number of Zhours more operating days | .068 | -.014 | .053 | .057 | -.022 | 953 | -035| .080 |-.026 | -053 | .055 | -022 | .014 | .051
Monthly number of 4hours more operating days | .105 | -.076 | -062 | -048 | -088 | .628 | -025 | .035 | .047 | -065| .098 | .027 | .195 |-247
Driver’s Perceptual tendencies -066 | 017 |-057 | -010 | -025 | .066 | .767 | .070 | -075 | .057 | 022 | .069 |-068 | .128
Driver’s cognitive ability 066 | .110 | -058 | -052 | .059 | 068 | .741 | .072 |-013 | .100 | .05 | .090 | -042 | .146
Driver’s attention ability -058 | -013 | 008 |-013 | .038 |-.184 | .665 | -045| 069 | .21 |-015 | .062 | -041|-126
Driver age 055 | .003 |-051 |-007 | .080 | -025| .520 | 436 | .006 | .004 |-036| .197 | 415 | .04
Freight Vehicle - driving experience | .063 |-049 | .058 | .047 |-092 | .070 | .099 | .843 | -045 | .015 | .039 | .076 |-.021 | .026
Period of employment -052| 065 | 025 | .134 |-081 | .188 |-017 | .791 | -065 | .034 | .197 |-033 | -.116 | .042
Driving experience -068 | -040 | -002 | 025 | .47 |-.139 | 390 | 421 | -049 | .065 |-211 | .039 | .398 | .012
# of violations of the law -015 |-031 | 014 |-017 | .018 [-051 |-019 |-041 | 959 | -046 | .000 | .049 |-.056 | .000
Traffic penalty points -002 | 023 |-003 | -069 | -004 | 010 | .001 |-055| .958 |-013 |-063 | .033 |-020 | .034
Realistic level -020 | -.021 | -029 | -018 | -O11 | -048 | .160 | -.031 | .048 | .811 | .145 |[-022 | .085 | .017
Emotion level 001 | 013 |-020 | .055 | -.058 | -.027 | .00 | .148 |-.089 | .809 | .030 | .099 | .014 |-017
Social skills level 001 | .031 |-091 |-036| .048 | -049 | -062 | -062 | -017 | .715 | -.104 | -.133 | -.031 | -.023
Vehicle age -066 | .134 |-106|-101 | .002 | .179 | .061 | 207 |-099 | .102 | .571 | .083 | .09 |-.163
Ability to Attention Transition -059 | .069 | -014 | -014 | .105 [-060 | .341 | 013 | 053 |-.092 | .083 | .688 | .099 | .093
Ability to allocate attention 026 |-028 |-019 | .032 | -.028 | -038 | .091 | .534 | .053 |-049| 012 | .642 | .025 | .183
Monthly driving distances 184 | -158 | 1M | -392| 096 | 222 | 094 |-052 | .097 | .145 | -127 | 402 | -068 | -284
Distance perception ability -081 | .031 | .007 | 047 |-013 | -058 | 246 | .178 | .138 | -.026 | -.171 | -099 | -700 | -.003
Speed prediction ability 042 | 034 |-019| .032 |-014 | 013 | .102 | .083 |-.003 | -059 | -040 | .124 | -.007 | .707
Stop distance prediction -030 | .003 | 065 |-056|-012 | .148 | .173 | .056 | .162 | .169 | -.132 [ -069 | .385 | 406
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<Table 8> Results of Latent variable and observation variable setting

Latent variable (component) Observation variable - Exploratory factor analysis (Application of this study)

Vehicle weight, Carrying capacity, Engine displacement, length of the vehicle, Axis of the
vehicle, Width of the vehicle, Height of the vehicle

Dangerous driving behavior # of rapid deceleration, # of rapid acceleration, # of sudden stops, # of sudden departures
characteristics # of sudden departures, # of sudden passing

Vehicle characteristics

Working characteristics Monthly driving times, Monthly number of trips, Monthly working days, More than 9 hours

per month
Traffic accident characteristics Scale of traffic accident damage, # of traffic accidents, Traffic accident damage costs
Driving ability characteristics | Driver’s Perceptual tendencies, Driver’s cognitive ability, Driver’s attention ability, Driver age
Driving experience characteristics Freight Vehicle - driving experience, Period of employment, Driving experience
Driving psychology characteristics Realistic level, Emotion level, Social skills level

el

2. TZUEA 29 i

SAH QEHS Bl AR AAWSEE BSUSele] WA A RARHS WG B
ol e B8 HAPE FHS WA AFHoE BPL FESIY AWAPE ArE BHAHN} A
AHoR £§ Fsd AYEYS HPsiFr, FRAPE A5t 7120] H nll Yo ¥3) AP}
Frhe 28 HRAFA Bk B ATl TEEEY B0 gol B8HE AYE A5E 485
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A @D B 77) 29 BF 00 oldow BAHUT

<Table 9> Results of the suitability test

Dimension GFI CFI

Vehicle characteristics 1.000 1.000

Dangerous driving behavior characteristics 989 991

Working characteristics 920 926

Traffic accident characteristics 971 985

Driving ability characteristics 1.000 1.000

Driving experience characteristics 994 991

Driving psychology characteristics 1.000 1.000
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= 24e AT SARY 24 fdl 4 FAVE el gdF Q8 Ads Faste S
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<Table 10> Results of the Model Fits (Initial model)

Oy
Namber of operating Gays per ‘77\ Working

| mehecsdndtos T — characteristcs Dimension Criteria Value Note
@—» Number of trps per month |4~

005
O et S ) p >05 481616 ]
@ 1 [ Feroq of emoleyment per | experience X : (df=191,p=.000)
compary

° : ! Q(X2/df) <20 2522 Suitable

! , Driving . .
iy ———>(  J¥, GFI > .90 864 Dis-Suitable
‘a Aty to Seectattention &

CH >.90 907 Suitable

O o .
O — - RMSEA <.05 071 Suitable

1 = psychology

Sociability

o
|
// \\\

Gross weight e !

Vehicle

|-
/
/
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<Table 11> Results of the Model Fits (Modified model)

““ Dimension Criteria Value Note
s i g ‘ 336.409

Gy e |\ ¥ PO e152,p-000) '
m‘ \ ‘ — Q(X2/df) <20 2213 Suitable
O . acddent risk GFI >.90 .900 Suitable
T CH >.90 935 Suitable
<Fig. 3> Path Diagram of Measurement model RMSEA =05 063 Suitable
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<Table 12> Regression Weight
Path Weight | Swndadize | gp | cr |
Weight
Dangerous behavior <--- Working Characteristics | -.016 -0.199 004 | -3.645 | ***
Operating time per month <--- Working Characteristics 1.000 1
Number of operating days exceeding 9 hours <--- Working Characteristics .068 0.816 003 | 24539 | ***
Number of trips per month <--- Working Characteristics 476 0.679 030 | 16.113 | =
Dangerous behavior <---  Driving experience -.057 -0.059 053 | -1.061 | .289
Business driving experience <---  Driving experience 1.000 1
Period of employment per company <---  Driving experience .190 0.66 012 | 15598 | ***
Dangerous behavior <---  Lack of driving skills 1.260 0.143 .634 1986 | .047
Perceptual propensity <--- Lack of driving skills 1.000 0.718
Cognitive ability <--- Lack of driving skills 1.015 0.721 226 4.485 i
Dangerous behavior <---  Driving psychology -.084 -0.008 .661 -127 .899
Reality <---  Driving psychology 1.000 0.751
Emotionality <---  Driving psychology 1.048 0.763 137 7.674 wxK
Sociability <-—-  Driving psychology .686 0.506 .098 7.031 i
Dangerous behavior <--- Vehicle Characteristics -246 -0.289 048 | -5.143 | x**
Gross weight <---  Vehicle Characteristics 1.000 0.766
Body length of vechle <---  Vehicle Characteristics 318 0.981 .045 7.024 ik
Risk of accidents <---  Dangerous behavior .028 0.131 012 2292 | 022
Number of rapid decelerations <---  Dangerous behavior 1.000 1
Number of rapid accelerations <---  Dangerous behavior 2.341 0.756 A17 | 20075 | *F*
Number of sudden stops <--- Dangerous behavior 264 0.537 024 | 11.071 | ***
Number of sudden overtakings <---  Dangerous behavior 248 0.548 022 | 11376 | ***
Damage scale of rtaffic accident < Risk of accidents 1.000 1
Number of accidents < Risk of accidents 585 0.929 013 | 43591 | =
Damage costs of traffic accident <--- Risk of accidents 2.635 0.745 136 | 19387 |
Working
.68 =  Characte
i‘é\ o] [
= ce ~ g Damage scale of

Period of employment per -
company

Perceptual propensity -

ff?d
|

Cognitive ability

\.

Vehicle
Characte
ristics

Gross weight

l*ﬁf 3
\/

Body length of vehicle

<Fig. 4> Path Diagram of SEM
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<Table 13> Results of the Model Fits

Dimension Criteria Value Note
N p >.05 297.089(df=137,p=.000) -
Q(X2/df) <20 2.169 Suitable

GFL >.90 907 Suitable
CFI >.90 942 Suitable
RMSEA <.05 062 Suitable
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<Fig. 5> Scatter plot of dangerous driving behavior <Fig. 6> Scatter plot of dangerous driving behavior -
-length of the vehicle weight of the vehicle
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